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ABSTRACT 
 
BACKGROUND: Sever acute malnutrition severely suppresses every component of the immune system 
leading to increased susceptibility and severity to infection. However, symptoms and signs of infections 
are often unapparent making prompt clinical diagnosis and early treatment very difficult. The aim of the 
study  was  to  determine  the  magnitude  of  bacteraemia  and  antimicrobial  sensitivity  among  severely 
malnourished children. 
METHODS: Severely malnourished children admitted in Jimma University Specialized Hospital were 
enrolled between October, 2009 to May, 2010. Blood samples were collected, processed and bacterial 
isolates were identified using standard bacteriological procedures. Then, antibiotic susceptibility pattern 
of the isolates was determined by using Kirby-Bauer technique. 
RESULTS: Bacteraemia was seen in 35 (20.6%) of the 170 study subjects. There were a total of 35 
bacterial  isolates,  Gram positive  bacteria  constitute  24(68.6%)  of  the  isolates,  where  Staphylococcus 
aureus was the leading Gram positive isolate while Klebsiella species were the dominant Gram negative 
isolates. Twelve (7.1%) children died and 4 (33.3%) of them had bacteraemia. While susceptibility was 
more  than  80%  to  Gentamicin,  Ciprofloxacin  and  Ceftriaxone,  increased  level  of  resistance  was 
documented to commonly used antibiotics, such as Amoxycillin, Co-trimoxazole and Chloramphenicol. 
CONCLUSION:  High  prevalence  of  bacteraemia  with  predominating  Gram  positive  isolates  and 
increased level of resistance  to commonly used antibiotics was shown among severely malnourished 
children in Jimma. Further studies are required to revise the current guideline for antibiotic choice.  
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INTRODUCTION 
Malnutrition  remains  one  of  the  most  common 
causes of morbidity and mortality among children 
throughout the world (1) and more commonly in 
sub-Saharan Africa and south Asia (1, 2). Acute 
childhood malnutrition affects about a tenth of the 
world’s  children  under  5  years  of  age  (2),  and 
contributes  to  50–60%  of  all  child  deaths  (3)  
particularly  those  living  in  circumstances  of 
extreme poverty in the developing world (4,5). In 
Ethiopia,  more  than  one  in  two  children  (52%) 
under  the  age  of  five  are  stunted  (growth 
retardation), 11% are wasted (thin for their height) 
and  47%  are  underweight  (low  weight-for-age). 
Stunting and wasting rates are even higher in rural 
children  (6),  where  the  vast  majority  of  the 
population  is  dwelling.  Other  community  based 
studies  in  Ethiopia  also  showed  prevalence  of 
wasting from 9-12% (7, 8). Poor infant and young 
child  feeding  practice,  poor  socio-economic 
background  and  nutritionally  inadequate  diet 
contribute more for severe acute malnutrition (9, 
10). 
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Severe  acute  malnutrition  (SAM)  affects  both 
acquired and innate host defense mechanisms (11-
19).  This  leads  to  increased  susceptibility  to 
infection, more frequent and prolonged episodes, 
increased severity of disease (20), reactivation of 
viral infections, and development of opportunistic 
infections  (21).  In  addition,  severe  acute 
malnutrition often masks symptoms and signs of 
infectious  diseases  making  prompt  clinical 
diagnosis and early treatment very difficult. This 
in turn, increases the morbidity and mortality from 
communicable  diseases  (20).  However,  the 
contribution of bacteraemia to the morbidity and 
mortality among severely malnourished children is 
poorly investigated.  
 
Bacteraemia  can  be  caused  by  Coagulase 
negative  staphylococci  species,  S.  aureus  and 
Enterobacteriaceae  (22).  Different  studies  in 
different  countries  demonstrated  prevalence  of 
bacteraemia  in  severely  malnourished  children 
from 11.8%-36% (23-28). The National Treatment 
Protocol  for  SAM  recommends  routine  use  of 
antibiotics  for  all  children  with  SAM(29). 
Therefore, it is vital to regularly audit antibiotic 
sensitivity and the magnitude of bacteremia as the 
pattern could change due to various factors. 
The  objective  of  this  study  was  to  establish  the 
magnitude  of  bacteraemia  in  severely 
malnourished children, and describe the types of 
bacteria and antimicrobial sensitivity.  
 
METHODS AND MATERIALS  
 
A  hospital  based  cross-sectional  study  was 
conducted  in  Jimma  University  hospital  from 
October,  2009  to  May,  2010.  A  total  of  170 
severely malnourished children who were below 
14 years old were enrolled within 24 hrs. Children 
who  took  antibiotics  within  15  days  before 
admission and those with a length below 49 cm 
were  excluded  from  the  study.  Patient’s  clinical 
history,  physical  examination  and  socio-
demographic  data  of  the  children  and 
parents/caretakers were recorded.  
 
At enrollment, 2ml of venous blood from two 
different  sites  (cubital,  dorsum  of  hand,  leg  or 
scalp)  of  peripheral  vein  were  collected  by 
experienced nurse from each study subject under 
aseptic  condition and inoculated into  two  sterile 
blood culture bottles containing 20 ml of brain–
heart  infusion  broth  (Oxoid,  Ltd,  England)  and 
transported to the laboratory immediately (30,31). 
 
The  inoculated  brain–heart  infusion  broth 
was  incubated  at  35°C  and  checked  for  growth 
after 24 hrs. Then, Gram staining of isolates was 
done  from  bottles  with  sign  of  bacterial  growth 
and  based  on  the  gram  reaction,  isolates  were 
subcultured  either  on  to  7%  sheep  blood  and 
chocolate  agar  (Oxoid,  Ltd,  England)  , 
MacConkey  agar  (Oxoid,  Ltd,  England)    and 
Mannitol Salt Agar (MSA) (Oxoid, Ltd, England).  
The inoculated Blood, MacConkey and Mannitol 
Salt  Agar  media  were incubated  at 35°C  for  24 
hours  under  aerobic  condition;  however  the 
chocolate media were incubated under 5% carbon 
dioxide  (CO2)  with  the  same  condition.  Finally, 
culture  bottles  that  did  not  show  growth  were 
further incubated for 7 days. If still no turbidity 
was observed a small portion of the culture broth 
was inoculated on the media listed above before 
being reported as negative. 
 
The  bacterial  isolates  were  identified  based 
on  their  Gram  reaction,  colony  morphology  and 
biochemical  tests.    Gram-positive  cocci  were 
identified  by  using  biochemical  tests  such  as 
catalase  test,  growth  on  Mannitol  Salt  Agar, 
Coagulase  test,  Mannitol  fermentation, 
Novobiocin  susceptibility,  Bacitracin  sensitivity, 
Bile esculin hydrolysis test (Oxoid, Ltd, England). 
However,  Gram-negative  bacteria  were  detected 
by using Oxidase test, Lysine decarboxylase test, 
Lactose  fermentation,  Glucose  fermentation, 
Sucrose  fermentation,  Citrate  test,  Motility  test, 
Indole  test,  Urease  test,  and  Hydrogen  sulphide 
production. Furthermore, Salmonella isolates were 
sero-grouped  using polyvalent (O) (Oxoid, Ltd, 
England) and sero-group specific (O) (Oxoid, Ltd, 
England) antiseras. 
 
Antimicrobial  susceptibility  testing  was 
performed  using  the  disk  diffusion  method  and 
results were interpreted based on the criteria of the 
National  Committee  for  Clinical  Laboratory 
Standards  (NCCLS,  2000)  (32).  The  antibiotics 
used for Gram positive  were Ampicillin (AMP, 
10  μg),  Amoxycillin  (AML,  20  μg), 
Chloramphenicol  (C,  30  μg),  Trimethoprime-
Salfamethoxazole    (SXT,  1.25/23.75  μg),    Bacteraemia among Severely Malnourished…  Alem A. et al 
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Tetracycline (TE, 30 μg), Penicillin G (P, 10 IU), 
Gentamicin (CN, 10 μg), Cefalotin (KF, 30 μg), 
Ceftriaxone (CRO, 30 μg), Ciprofloxacin (CIP, 5 
μg), Vancomycin (VA, 30 μg), Erythromycin (E, 
15 μg), Oxacillin (OX, 1 μg) and Methicillin (M, 5 
μg),  whereas  for  Gram  negative  bacteria, 
Ampicillin (AMP, 10μg), Amoxycillin (AML, 20 
μg), Chloramphenicol (C, 30 μg), Co-trimoxazole 
(SXT,  25  μg),  Tetracycline  (TE,  30  μg), 
Gentamicin (CN, 10 μg), Cefalotin (KF, 30 μg), 
Ceftriaxone (CRO, 30 μg), Ciprofloxacin (CIP, 5 
μg) and Nalidixic Acid (NA, 30 μg) were used. 
All  the  antimicrobial  disks  were  products  of 
Oxoid,  Ltd,  England.  The  quality  of  the  culture 
media,  gram  stain  and  potency  of  antimicrobial 
discs were cheeked using a standardized reference 
strain  of  Escherichia  coli  (ATCC  25922)  and 
Staphylococcus  aureus  (ATCC  25923).  Finally, 
data  obtained  from  this  study  was  entered  to 
computer,  analyzed  using  SPSS  for  windows 
version 16.0 and interpreted.    
 
The study was approved by Jimma University 
ethics  review  board  and  informed  consent  was 
obtained  from  participants’  parents/guardian 
before  enrollment  and  received  appropriate 
treatment.  
 
 
 
RESULTS 
 
Of  the  170  severely  malnourished  children,  93 
(54.7%) were males with male to female ratio of 
1.26. Their age ranged from 1- 14 years where the 
median age was 2 4/12 years and the majority of 
the children (77.1%) were below 5 years. Among 
the study participants, 88 (51.8%) were presented 
with Marasmus, 69 (40%) with Kwashiorkor and 
14  (8.2%)  with  Marasmic-Kwashiorkor.  In 
addition, 33 (19.4%) were presented with fever, 82 
(48.2%)  with  Bilateral  pitting  edema  and  76 
(44.7%) with Diarrhea.  
 
Bacterial  isolates:  There  were  a  total  of  35 
bacterial  isolates  (Table  1),  where  only  single 
bacterium  was  isolated  from  each  bacteremic 
child.  Gram  positive  bacteria  constituted  68.6% 
(24)  of  the  total  isolates  and  Staphylococcus 
aureus  was  the  leading  gram  positive  isolate 
followed  by  Coagulase  negative  staphylococci 
species  (CNS  species):  Streptococcus  pyogenes, 
Bacillus  species  and  Enterococcus  species, 
respectively.  Gram  negative  bacteria  constitute 
31.4% (11/35) and of the total isolate Klebsiella 
species  were the leading Gram  negative  isolates 
followed by Salmonella species, Escherichia coli 
and  Citrobacter  species,  respectively.  The  three 
non-typhoidal  Salmonella  isolates  were, 
Salmonella enteritica group D (2) and Salmonella 
enteritica group C1 (1).  
 
Table 1: Type and frequency of bacterial isolates from 35 severely malnourished children from October, 
2009 to May, 2010, Jimma, Ethiopia 
 
Gram reaction   Type of bacteria   Total(%)  
Gram +ve 
                n=24(68.6%) 
              
 
S.aureus  
CNS species  
S. pyogenes                                                   
Bacillus species  
Enterococcus species  
10(28.6)  
8(22.9)  
3(8.6)  
2(5.7)  
1(2.9)  
  Gram –ve  
           n=11(31.4%)             
Klebsiella species   6(17.1)  
Salmonella species   3(8.6)  
Escherichia coli  
Citrobacter species  
1(2.9)  
1(2.9)  
Total       35(100)  
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Table 2: Antimicrobial susceptibility result of bacterial isolates from severely malnourished children from October, 2009 to May 2010, Jimma, Ethiopia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key: AMP=Ampicillin, AML=Amoxycillin, C=chloramphenicol, SXT=Trimethoprime-Salfamethoprime (Co-trimoxazole), TE=Tetracycline, P=Penicillin G, CN=Gentamicin, 
KF=Cephalothin, CRO=Ceftriaxone, CIP=Ciprofloxacin, VA=Vancomycin, E=Erythromycin, OX=Oxacillin, NT=Non tested, N=Number of isolates tested, T=Total number of isolates 
tested 
 
Bacterial isolates  AMP  AML  CN  KF  CRO  CIP  SXT  TE  C  E  NA  P  OX  M  VA 
S. aureus  
(n=10) 
10 
(100) 
10 
(100) 
0 
(0) 
0 
(0) 
1 
(10) 
1 
(10) 
2 
(20) 
3 
(30) 
10 
(100) 
6 
(60) 
ND  10 
(100) 
10 
(100) 
10 
(100) 
3 
(30) 
CNS 
(n=8) 
8 
(100) 
8 
(100) 
0 
(0) 
0 
(0) 
0 
(0) 
0 
(0) 
6 
(75) 
6 
(75) 
8 
(100) 
2 
(25) 
ND  8 
(100) 
8 
(100) 
8 
(100) 
2 
(25) 
S. pyogenes 
(n=3) 
 
0 
(0) 
0 
(0) 
ND  ND  0 
(0) 
ND  ND  3 
(100) 
0 
(0) 
3 
(100) 
ND  0 
(0) 
ND  ND  ND 
Enterococcus spps. (n=1)  1 
(100) 
0 
(0) 
1 
(100) 
ND  ND  ND  ND  1 
(100) 
1 
(100) 
0 
(0) 
ND  0 
(0) 
ND  ND  0 
(0) 
Klebsiella 
 (n=6) 
6 
(100) 
6 
(100) 
3 
(50) 
4 
(66.7) 
3 
(50) 
0 
(0) 
3 
(50) 
6 
(100) 
6 
(100) 
ND  0 
(0) 
ND  ND  ND  ND 
Salmonella spps. (n=3) 
 
1 
(33.3) 
1 
(33.3) 
ND  ND  1 
(33.3) 
0 
(0) 
0 
(0) 
2 
(66.7) 
1 
(33.3) 
ND  1 
(33.3) 
ND  ND  ND  ND 
E. coli  
(n=1) 
0 
(0) 
0 
(0) 
0 
(0) 
0 
(0) 
0 
(0) 
0 
(0) 
1 
(100) 
0 
(0) 
0 
(0) 
0 
(0) 
ND  ND  ND  ND  ND 
Citrobactor 
(n=1) 
 
1 
(100) 
1 
(100) 
1 
(100) 
1 
(100) 
1 
(100) 
0 
(0) 
1 
(100) 
1 
(100) 
1 
(100) 
ND  0 
(0) 
ND  ND  ND  ND 
Total    27/33 
(82%) 
26/33 
(79%) 
5/27 
(19%) 
5/26 
(19%) 
6/32 
(19%) 
1/29 
(3%) 
13/29 
(45%) 
22/33 
(67%) 
27/33 
(82%) 
11/23 
(48%) 
1/10 
(10%) 
18/22 
(82%) 
18/18 
(100%) 
18/18 
(100%) 
5/19 
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Antimicrobial  susceptibility  Testing:  The 
bacterial  isolates  were  tested  for  15  commonly 
prescribed  antimicrobial  agents.  All  the  ten 
Staphylococcus  species  were  resistant  to 
Methicillin,  Penicillin  G  and  Chloramphenicol, 
while  they  were  sensitive  to  Cephalothin  and 
Gentamicin. In addition, 90% (9/10) of them were 
sensitive to Ceftriaxone and Ciprofloxacin, 70% to 
tetracycline  and  Vancomycin  and  40%  to 
Erythromycin. Whereas all the eight CNS species 
were    sensitivite  to    Cephalothin,  Ceftriaxone, 
Gentamicin and  Ciprofloxacin and 75% (6/8) of 
them  showed  sensitivity  for  Vancomycin  and 
Erythromycin  and  25%(2/8)  of  them  were 
sensitive to Tetracycline (Table 2). All the three 
Streptococcus pyogenes isolates were sensitive to 
Penicillin,  Ampicillin,  Ceftriaxone, 
Chloramphenicol and Vancomycin and they were 
resistant to Tetracycline and Erythromycin. 
 
 
Table 3: Antibiogram showing resistance of isolates to one or more antibiotics from October, 2009 to May 
2010, Jimma, Ethiopia. 
 
Bacterial isolates (total No.)  Antimicrobial agents  No. of resistant species 
S. aureus (10)  P,OX,C,AMP  10 
  P,OX,C,AMP, E  2 
  P,OX,C,AMP,CIP  3 
  P,OX,C,AMP, TE  3 
  P,OX,C,AMP, TE, SXT  2 
  P, OX, C,AMP, TE, SXT,CIP,CRO  1 
     
CNS species (8)  P,OX,AMP  8 
  P,OX, AMP,C  6 
  P,OX,AMP,SXT  6 
  P,OX,AMP,TE  5 
 
 
 
 
 
S. pyogenes (3) 
 
Enterococcus spp.(1) 
 
Klebsiella spp.(6) 
 
 
 
 
 
Salmonella spp.(3) 
 
 
E. coli (1) 
 
Citrobacter spp.(1) 
P,OX, AMP,C,SXT 
P,OX, AMP,C,TE 
P,OX, AMP,C,SXT,TE 
P,OX, AMP,C,SXT,TE,E 
 
TE, E 
 
CN, C, TE 
 
AMP 
AMP, TE 
AMP, TE, C, KF 
AMP, TE, C, KF, CN, SXT 
AMP, TE, C, T E, CN, SXT, CRO 
 
TE 
AMP, CRO, SXT, TE,C 
 
SXT 
 
AMP, KF, CN, CRO, SXT, TE, C 
5 
5 
2 
1 
 
3 
 
1 
 
6 
5 
4 
3 
2 
 
2 
1 
 
1 
 
1 
Abbreviations are the same as described for the Table 2 
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All the six Klebsiella species were susceptible to 
Ciprofloxacin  and  Nalidixic  acid,  50 %(  3/6)  to 
Gentamicin,  Ceftriaxone  and  Trimethoprime-
Salfamethoxazole and 33.3% (2/6) to Cephalothin. 
Conversely,  all  were  resistant  to  Ampicillin, 
Chloramphenicol  and  tetracycline.  Furthermore, 
all the three Salmonella isolates were sensitive to 
Ciprofloxacin and two of them were susceptible to 
Ampicillin,  Ceftriaxone,  Chloramphenicol, 
Trimethoprime-Salfamethoxazole  and  Nalidixic 
acid,  and  one  of  them  was  only  sensitive  to 
Tetracycline.   
 
Of  all  the  isolates  86.7%  were  sensitive  to 
Ciprofloxacin,  81.5%  to  Gentamicin,  81.2%  to 
Ceftriaxone,  76.9%  to  Cephalothin,  51.7%  to 
Trimethoprime-Salfamethoxazole  (Co-
trimoxazole),  33.3%  to  Tetracycline,  21.2%  to 
Ampicillin and 15.2% to Chloramphenicol (Table 
2).From  the  total  of  33  isolates  tested  for 
antimicrobial  susceptibility,  30  (90.9%)  were 
resistant  for  two  or  more  antimicrobials  (multi 
drug resistant) (Table 3).  
 
DISCUSSION 
 
Bacteraemia  among  severely  malnourished 
children  was  poorly  investigated  and  this  study 
provides information about the common etiologic 
agents  and  their  antimicrobial  susceptibility 
pattern.  
 
Bacteraemia  can  be  caused  by  both  Gram 
positive and Gram negative bacteria. Among the 
Gram  positive  bacteria  Coagulase  negative 
staphylococci species and S. aureus were common 
whereas  Enterobacteriaceae  were  the  most 
common  among  Gram  negative  isolates  (22). 
Among the current study population 48.2% of the 
severely  malnourished  children  had  edematous 
malnutrition and 51.8% severe wasting, which is a 
with similar finding with the previous study done 
in Ethiopia (23) in 1992 and  in Uganda in 2001 
(25).  In  this  study  21%  of  the  participants  had 
bacteraemia,  which  is  lower  than  the  previous 
report (36%) in Addis Ababa (23) . 
 
This study also revealed that Gram positive 
organisms,  especially  Staphylococcus  species, 
were  the  predominant  cause  of  bacteraemia 
(68.6%)  in  severely  malnourished  children, 
consistent to other reports (33) where they found 
71%  of  their  total  isolates  were  Gram-positive 
bacteria. However, our current finding is different 
from previous findings in Ethiopia (23), Uganda 
(25, 28), Kenya (34) and South Africa (24). In our 
finding,  the  68.6%  prevalence  of  Gram-positive 
organisms suggests a change in the epidemiology 
from  the  predominant  Gram-negative  etiologies 
(up  to  77%)  described  in  previous  reports. 
However,  the  reason  for  the  predominance  of 
Staphylococcus  aureus  in this  study  is  not  clear 
and warrants further study. 
 
In the current study, CNS species were the 
second leading Gram positive bacteria following 
Staphylococcus  aureus.  Our  finding  shows  CNS 
species are becoming  great  health  problems  and 
this agrees with von Eiff et al (35) statement “the 
proportion of all bloodstream infections caused by 
CNS  and  the  overall  incidence  of  true  CNS 
bacteraemia  is  increasing”.  These  bacteria  are 
normal  inhabitants  of  human  skin  and  mucous 
membranes and patients with CNS infections are 
usually  immuno-compromised  (36).  The  high 
bacteremia  prevalence  by  CNS  species  in  our 
study  might  be  largely  due  to  the  suppressed 
immunological  response  of  the  severely 
malnourished children (11).  
 
In our study, from the overall tested isolates, 
86.7% were sensitive to Ciprofloxacin, 81.5% to 
Gentamicin,  81.2%  to  Ceftriaxone,  76.9%  to 
Cephalothin,  51.7%  to  Trimethoprime-
Salfamethoxazole, 33.3% to Tetracycline, 21.2% 
to Ampicillin and 15.2% to Chloramphenicol. In 
support  of  our  finding,  Bachou  et  al  (28) 
demonstrated  high  bacterial  resistance  to 
commonly  used  antibiotics  such  as  Co-
trimoxazole, Ampicillin and Chloramphenicol but 
more  than  80%  susceptibility  to  Ciprofloxacin, 
Ceftriaxone, and Gentamicin among the severely 
malnourished  children.  Increased  resistance  to 
Ampicillin, Trimethoprime-Salfamethoxazole and 
Chloramphenicol  was  also  demonstrated  by 
Babirekere-iriso  et  al  (25)  in  Uganda.  The 
increased antimicrobial resistance documented in 
our  finding  might  be  related  to  the  higher 
prevalence of self medication here in Jimma town 
and  its  surroundings  (37,  38).  The  high  rate  of 
resistance  to  the  routinely  prescribed 
antimicrobials  such  as  Amoxicillin  raise  great    Bacteraemia among Severely Malnourished…  Alem A. et al 
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concern  as  Amoxycillin,  in  combination  with 
Gentamicin,  is  routinely  given  to  children 
admitted  with  severe  malnutrition  to  Jimma 
University  specialized  hospital  (23).  The  best 
combination of antimicrobials in our finding was 
Gentamicin and Ciprofloxacin, although safety of 
quinolones is of concern. Some studies however, 
reported that the safety profile of ciprofloxacin in 
children is not substantially different from that of 
adults (39, 40). 
 
In  conclusion,  bacteremia  constitutes  about 
21% of the overall severely malnourished children 
visiting our hospital. Gram positive bacteria were 
the  predominating  organisms,  with 
Staphylococcus species contributing for the high 
proportion  followed  by  Streptococcus  pyogenes 
which suggests a change in the epidemiology from 
the  predominant  Gram-negative  etiologies. 
Moreover,  there  was  high  level  of  antimicrobial 
resistance to commonly used antibiotics, such as 
Amoxycillin,  Trimethoprime-Salfamethoxazole 
and  Chloramphenicol  but  more  than  80% 
susceptibility  was  documented  to  Gentamicin, 
Ciprofloxacin  and  Ceftriaxone.    This  calls  for 
further  studies  to  determine  the  most  feasible 
combination of antibiotics for the management of 
bacteraemia in severely malnourished children in 
Ethiopia. 
 
ACKNOWLEDGEMENTS 
 
The  study  was  financially  supported  by  Jimma 
University.  The  authors  appreciate  the  study 
participants for their cooperation. 
 
REFERENCES 
 
1.   WHO. Management of severe malnutrition: a 
manual for physicians and other senior health 
workers.  Geneva,  World  health 
organization,1999. 
2.  Manary  MJ,  Sandige  HL.  Management  of 
acute  moderate  and  severe  childhood 
malnutrition. BMJ, 2008; 337:2180. 
3.  Black  RE,  Morris  SS,  Bryce  J.  Where  and 
why are 10 million children dying every year? 
Lancet, 2003; 361:2226-34. 
4.  Black  RE,  Allen  LH,  Bhutta  ZA,  et  al. 
Maternal and child undernutrition: global and 
regional  exposures  and  health  consequences. 
Lancet,  2008; 371:243-60. 
5.  UNICEF. State of the world’s children: child 
survival.  New  York,  United  Nations 
Children’s Fund, 2007:1-16.  
6.   CSA.  Ethiopia  Demographic  and  Health 
Survey, Addis Ababa, Ethiopia. 2005. 
7.  Yimer  G.  Malnutrition  among  children  in 
Southern  Ethiopia:  Levels  and  risk  factors. 
Ethiop J Health Dev, 2000; 14: 283-292. 
8.  Getaneh  T,  Assefa  A,  Tadesse  Z.  Protein-
energy  malnutrition  in  urban  children: 
prevalence  and  determinants.  Ethiop  Med  
J,1998 ;36: 153-166. 
9.  Amsalu S, Tigabu Z. Risk factors for severe 
acute malnutrition in children under the age of 
five:  A  case-control  study.  Ethiop  J  Health 
Dev, 2008; 22: 21-25. 
10. Y Neumann CG, Gewa C, Bwibo NO. Child 
nutrition in developing countries. Pediatr Ann 
2004;33:658-74. 
11. Schaible  UE  ,  Kaufmann  SH.  Malnutrition 
and  infection:  complex  mechanisms  and 
global impacts. PLoS Med, 2007; 4: 115. 
12. Beisel  WR.  Nutrition  in  pediatric  HIV 
infection:  setting  the  research  agenda. 
Nutrition  and  immune  function:  overview.  J 
Nutr, 1996; 126: 2611S-2615S. 
13. Abe  M,  Akbar  F,  Matsuura  B,  Horiike  N  , 
Onji M. Defective antigen-presenting capacity 
of  murine  dendritic  cells  during  starvation. 
Nutrition, 2003; 19: 265-269. 
14. Chandra RK. Protein-energy malnutrition and 
immunological responses. J Nutr, 1992; 122: 
597-600. 
15. Savino W, Dardenne M, Velloso LA , Dayse 
Silva-Barbosa  S.  The  thymus  is  a  common 
target in malnutrition and infection. Br J Nutr, 
2007; 98 (1): S11-16. 
16. Lyra  JS,  Madi  K,  Maeda  CT  ,  Savino  W. 
Thymic  extracellular  matrix  in  human 
malnutrition. J Pathol, 1993; 171: 231-236. 
17. Parent G, Chevalier P, Zalles L, et al . In vitro 
lymphocyte-differentiating effects of thymulin 
(Zn-FTS)  on  lymphocyte  subpopulations  of 
severely  malnourished  children.  Am  J  Clin 
Nutr, 1994; 60: 274-278. 
18. Najera O, Gonzalez C, Toledo G, Lopez L , 
Ortiz R. Flow cytometry study of lymphocyte 
subsets  in  malnourished  and  well-nourished            Ethiop J Health Sci.                               Vol. 21,  No. 3                       November 2011 
 
 
182 
 
children with bacterial infections. Clin Diagn 
Lab Immunol, 2004; 11: 577-580. 
19. Rodriguez L, Gonzalez C, Flores L, Jimenez-
Zamudio L, Graniel J , Ortiz R. Assessment 
by flow cytometry of cytokine production in 
malnourished  children.  Clin  Diagn  Lab 
Immunol, 2005; 12: 502-507. 
20. CD-WGE. Communicable diseases and severe 
food  shortage  situations.  World  Health 
Organization  Communicable  Diseases 
Working Group on Emergencies. 2005.  
21. Cunningham-Rundles  S,  McNeeley  DF  , 
Moon A. Mechanisms of nutrient modulation 
of  the  immune  response.  J  Allergy  Clin 
Immunol, 2005; 115: 1119-1128. 
22. Bearman  GM  ,  Wenzel  RP  Bacteremias:  a 
leading  cause  of  death.  Arch  Med  Res 
2005;36: 646-659. 
23. Shimeles D , Lulseged S. Clinical profile and 
pattern of infection in Ethiopian children with 
severe  protein-energy  malnutrition.  East  Afr 
Med J, 1994; 71: 264-267. 
24. Reed  RP,  Wegerhoff  FO  ,  Rothberg  AD. 
Bacteraemia  in  malnourished  rural  African 
children. Ann Trop Paediatr, 1996; 16: 61-68. 
25. Babirekere-Iriso E, Musoke P , Kekitiinwa A. 
Bacteraemia  in  severely  malnourished 
children in an HIV-endemic setting. Ann Trop 
Paediatr, 2006; 26: 319-328. 
26. Christie  C,  Heikens  GT,  Golden  MH. 
Coagulase-negative staphylococcal bacteremia 
in  severely  malnourished  Jamaican  children. 
Pediatr Infect Dis J, 1992;  11: 1030-1036. 
27. Noorani N, Macharia WM, Oyatsi D , Revathi 
G.  Bacterial isolates in severely malnourished 
children  at  Kenyatta  National  Hospital, 
Nairobi. East Afr Med J, 2005;  82: 343-348. 
28. Bachou H, Tylleskar T, Kaddu-Mulindwa DH 
,  Tumwine JK.  Bacteraemia  among  severely 
malnourished children infected and uninfected 
with the human immunodeficiency virus-1 in 
Kampala, Uganda. BMC Infect Dis, 2006;  6: 
160. 
29. Federal  Ministry  of  Health  of 
Ethiopia(FMoH).  Protocol  for  the 
management  of  severe  acute  malnutrition. 
Addis Ababa: Ethiopia, 2007; 1-88. 
30. WHO. Basic laboratory procedures in clinical 
bacteriology.  Geneva.  1991.  Available 
at:http://whqlibdoc.who.int/publications/2003/
9241545453.pdf. Accessed on: July12, 2010. 
31. Cheesbrough M. District laboratory practice in 
tropical  countries  2
nd  ed.  Cambridge, 
Cambridge University press, 2006; 62-143. 
32. CLSI/NCCLS.  Performance  Standards  for 
Antimicrobial Susceptibility Testing; Fifteenth 
Informational  Supplement.  CLSI/NCCLS 
document  M100-S15,  Pennsylvania:  Clinical 
and Laboratory Standards Institute, 2005; 19-
165. 
33. Rubinstein  E.  Staphylococcus  aureus 
bacteraemia  with  known  sources.  Int  J 
Antimicrob Agents, 2008; 32: S18-20. 
34. Noorani N, Macharia WM, Oyatsi D , Revathi 
G. Bacterial isolates in severely malnourished 
children  at  Kenyatta  National  Hospital, 
Nairobi. East Afr Med J, 2005; 82: 343-348. 
35. von  Eiff  C,  Peters  G  ,  Heilmann  C. 
Pathogenesis  of  infections  due to coagulase-
negative  staphylococci.  Lancet  Infect  Dis, 
2002; 2: 677-685. 
36. Piette A , Verschraegen G. Role of coagulase-
negative staphylococci in human disease. Vet 
Microbiol, 2009; 134: 45-54. 
37. Worku  S,  G/Mariam  A.  Practice  of  Self-
medication in Jimma Town. Ethiop J Health 
Dev, 2003; 17: 111-116. 
38. Suleman  S,  Ketsela  A  ,  Mekonnen  Z. 
Assessment  of  self-medication  practices  in 
Assendabo  town,  Jimma  zone,  southwestern 
Ethiopia. Res Social Adm Pharm, 2009; 5: 76-
81. 
39. Chyský V, Kapila K, Hullmann R et al. Safety 
of  ciprofloxacin  in  children:  worldwide 
clinical  experience  based  on  compassionate 
use. Emphasis on joint evaluation.  Infection, 
1991; 19(4):289-96. 
40. Hampel  B,  Hullmann  R,  Schmidt  H. 
Ciprofloxacin in pediatrics: worldwide clinical 
experience  based  on  compassionate  use--
safety  report.  Pediatr  Infect  Dis  J,  1997; 
16(1):127-9. 
 
 